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SUMMARY 

A prototype of an electrolytic toilet unit that had 
baen proposed for use as a marine toilet was evaluated. Tests 
were conducted by adding portions of homogenized human wastes 
and then after treatment by electrolysis, samples of the 
effluent were subjected to pertinent laboratory analyses. 

Based on the data collected from the analyses of 
the effluent samples and other pertinent tests, the following 
observations and conclusions were made: 

(1) After treatraent by electrolysis, the samples 
of effluent from the toilet were found to be clarified and 
free from any objectionable odours, 

(2) Although the organisms of the coliform group 
were completely destroyed, the samples of treated effluent 
showed positive results when subjected to standard plate 
counts at 30°C, 

(3) Chemical analyses have shown that the best 
sample of effluent that could be expected from this particular 
toilet unit would have the following characteristics t BOD 

of approximately 700 ppmj COD of 3,000 to 4,000 ppm? chlorides 
in excess of 20,000 ppm? total dissolved solids over 
100,000 ppmj and pH 11.0 to 11.5 along with a measurable 
quantity of heavy metals such as copper, iron and lead. 

(4) Samples of effluent exhibited extremely high 
specific conductance values in the range of 0.1500 to 0.2100 
mhos per cm and these were comparable to those found in strong 
br ine solut ions . 
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(5) Sample of electrolyte diluted up to 10 volumes 
with either tap water or sanitary sewage did not cause any 
significant reduction in pH levela , 

(6) Samples of effluent subjected to prolonged 
electrolytic treatment showed increasing amounts of copper, - 
iron and lead. 

(7) Chemical quality of the effluent produced by 
this particular toilet unit did not meet the requirements of 
the OWRC's "Objectives for Water Quality Control in the 
Province of Ontario" . 
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INTRODUCTION 

The purpose of this Investigation was to evaluate 
an electrolytiG toilet which has been proposed as one of the 
saEltary devices that could be installed in pleasure boats 
for the treatment of human wastes collected on board. This 
particmlar toilet utilizes the principles of electrolysis to 
break down the organic substances present in sewage and is 
said to be capable of producing a clear, odourless effluent 
that is free from any bacterial contamination. 

Much of the work in this investigation was directed 
towards the evaluation of the effluent produced by this toilet; 
that is, to determine whether or not its quality would meet 
OITOC objectives so that it can be discharged directly into 
water without undergoing any further treatinent. No attempt 
was made to assess the performance of the toilet unit as 
to its efficiency and the cost of operation, 

LITERATURE REVIEW 

A cursory review of the literature has revealed 
that the concept of sewage treatment by electrical methods 
has been a subject of interest for a number of research workers 
both in the United States and Europe since the latter part 
of the nineteenth century. During a period of thirty years 
extending from 1900 to 1930, this subject has receivBd a 
considerable amount of attention and this resulted in the 
establishment of several demonstration plants for electrolytic 
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purification of municipal sewage in the United States, 
Unfortunately, electrolytic method of sewage treatment did 
not prove to be very economical or very efficient and as a 
result, all of these plants were eventually abandoned, 

(1) (2) 

Within recent years, there has been a renewed 
interest in this field. H. C. Miller and W. Knipe, under the 
auspices of the U, S, Public Health Services, reported on 
their investigations related to the economics and the 
feasibility of using electrolytic methods for the removal 
of refractory contaminants from the effluent of a municipal 
sewage treatment plant, (2) 

A few years ago, R. G. Tischer and others developed 
a method which was said to be capable of completely destroying 
a mixture of human feces and urine (ratio 1:14) by electrolysis. 

(3) 

In 1965, there was a report of a large demonstration 
plant being constructed for the electrolytic treatment of 
municipal sewage at Portsmouth, England, The design of this 
plant, based on a system developed by Professor Luigi Mendia 
of Naples, Italy, utilizes a mixture of sewage and sea water, 

(4) 

Perhaps, the earliest known application of electricity 
to sewage treatment was recorded in a patent issued to 
William Webster of England in 1889. In the Webster process, 
the treatment of sewage was effected by electrolysis utilizing 
iron electrodes which were spaced not more than one inch 
apart and placed parallel to the stream flow in a long flume. 
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With the application of low voltages between the electrodes, 
the iron anodes dissolved and formed iron salts which, in 
turn, helped to bring about the removal of the organic matter 
in sewage by precipitation. Chlorine, which was generated 
at the anodes by the electrolysis of salt, had decided effects 
on the destruction of bacteria in the treated effluent, (1) 

During the ensuing years, several improvements were 
made by Webster and others. These included the use of brine 
or sea water mixed with sewage to increase the conductivity 
of the electrolyte; changes in the metals used in electrodes 
and modifications in the design of the electrolytic cell. 
In 1914, C. P. Landreth introduced the idea of dosing the 
raw sewage with lime. The use of lime served a two-fold 
purpose? to increase the conductivity of the sewage and to 
raise the pH level which in turn, helped to retard the 
corrosion of iron electrodes. (1) (2) (5) 

In the Mendia process, all of the solids in the 
sewage are broken down by comminution and the resultant 
liquid is mixed with a measured proportion of sea water and 
then fed into a bank of specially designed electrolytic cells 
supplied with a low voltage current. Chlorine, generated by 
electrolysis, deodorizes the sewage instantaneously and begins 
its sterilizing action. From the cells, the mixed liquor 
flows into an Infilco Accelator where the solids are removed 
by sedimentation with the aid of lime and magnesia flocculating 
agents generated electrochemically. The effluent can be 
drawn off as pure, sterile and harmless water. (4) 
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The main feature of this process is that good results 
can be obtained in the treatment of sewage with a low voltage 
current and a very short reteption perlQd, 



ELECTROLYTIC TOILET 

DesGriptlon 

The evaluation tests were carried out with a proto- 
type unit which consisted basically of a toilet bowl, a hand 
pump, a rectangular holding tank with an approximate capacity 
of 10 gal and a 12 volt lead storage battery. The waste 
treatment device is a cylindrical metal chamber with a 
perforated bottom placed horizontally in the holding tank. 
Essentially, it is an electrolytic cell with its electrodes 
connected to the battery through a timing device and switch. 
The anode was an iron electrode coated with lead. 

Mode of Qper a t ion 

In order to place this unit into service, approximately 
5 US gal of electrolyte is dumped initially into the holding 
tank. This is sufficient to submerge the electrodes of the 
cell. 

With the waste material placed in the toilet bowl, 
a small volume of electrolyte is allowed to flow into it through 
a valve » By means of a hand pump, this mixture is transferred 
to the electrolytic cell where it undergoes digestion by 
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electrolysis, After each addition of waste^ the power is 
turned on for a predetermined period of time, usually 10 to 
15 minutes and there is an ammeter which indicates the current 
strength being applied to the cell. 

This procedure is followed after each charge of 
waste and the electrolytic solution is recirculated over and 
over again. When the liquid in the holding tank rises to a 
predetermined level, a portion of it is drained, through a 
strainer attached to the effluent tap. The strainer has a 
very fine wire screen which aids in the removal of any solid 
materials in the effluent. 



EXPERIMENTAL DETAILS 

Preparation of the Test Sample 

In order to evaluate the toilet under working 
conditions, it was decided to utilize test samples consisting 
of human feces. The latter was collected from a local sewage 
treatment plant which handled only domestic sewage. The 
solids were collected in a large container and made into a 
homogenized slurry using a small volume of tap water. 

Laboratory analysis of this slurry indicated the 
following chemical corapositiont 
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5-day BOD - 5,700 to 8,000+ 

COD - 10,900 

Hitro'cfe'il, ae MH3 - 13,9 

, as MOg - trace 

f as NO- - (sample was exhausted) 
, as Kjeldahl - 618 

Sollda, Total - 10,000 to 13,000 

, Dissolved -^ 1,500 to 1,700 

, Suspended - 1,000 to 11,500 

All analyses are reported in parts per million (ppnoi) 



Electrolytic Treatment 

The waste slurry was added to the toilet unit in 
aliqoots of 200 ml. After each addition, the timing device 
was set to operate the electrolytic cell for 10 minutes and 
during this interval, initial and final current readings as 
recorded by the anmeter were taken. At the end of each five 
additions of waste, samples were collected from the outlet 
for pertinent laboratory analyses. 

In order to Insure adequate treatment, the electrolytic 
cell was operated for an additional 20 minutes at the end of 
each 10 additions of the waste. Whenever the current dropped 
to a low level, the battery was replaced with another having 
a greater charge , 

When the sample of waste became depleted, the 
operation of the electrolytic call was continued for another 
30 minutes and then its contents were emptied. 
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■Treatment of Wastes Without Electrolysis, 

The effect of electrolyte solution on the treatment 
■of wastes without the benefit of electrolysis was also studied,. 
Samples of homogenized wastes were added in varying proportionfl 
to the electrolyte, After a thorough mixing, the resultant 
mixtures were subjected to pertinent cheiiiGal analyses. 

Laboratory Analyses of the Samples 

Because of the complex nature of the samples due to 
the presence of high alkalinity, chlorides and residual 
chlorine^ it was necessary to pretreat or dilute most of the 
samples submitted for analysis. Samples for BOD analyses 
were pretreated and seeded in accordance with the procedures 
outlined in "STANDARD METHODS". (6| 

COD values for the eamples were determined by the 
dichromate reflux method using excess amounts of mercuric 
sulphate to correct for any interf erencea caused by the 
presence of high chlorides. 

For the determination of total solids, attempts 
were first roade to evaporate the sainples at 103°C in the 
usual manner. Because of the unusually high content of in- 
organic salts, a complete evaporation of liquids could only 
be achieved by heating the samples to higher temperatures » 
Special heat lamps were employed and the sainples were exposed 
to temperatures over 200°C, 
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EXPERIMENTAL DATA 



A summary of the experimental data collected during 
this investigation is presented in various tables below. 



OBSIRVATIOHS 

Electrolytic Treatment 

No unpleasant odours were detectable in the holding 
tank of the toilet unit while the waste samples were being 
digested by electrolysis or at any time afterwards. Samplee 
of the treated effluent exhibited only strong odours of 
chlorine compounds. However, when the pH of the sample was 
adjusted to lower levels (below pH 8) with a mineral acid, 
odours similar to those emitted by fatty acids were noted. 

All of the effluent samples remained virtually 
free from any large suspended matter as most of it was being 
filtered out by the strainer in the effluent tap. The 
strainer became clogged very quickly. After the collection 
of sample 2, the flow through the tap was reduced to a very 
slow trickle. 

At the end of the experiment, it was necessary to 
remove the s trainer before the contents of the tank could 
b© drained. 
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Iklthough the strainer did remove much of the suspended 
solids In the treated effluent, it was noticed that a considerable 
amount was also removed by natural sedimentation. When the 
holding tank was drained, it was noticed that a uniform layer 
of settleable solids, approximately Jj inch thick, had 
aequmulated on the bottom. 

Samples 1 - 4 were found to be reasonably free from 
any turbidity. Sample 5 showed some haziness which seemed 
to become more pronounced in later samples. A development 
of small flake-like crystals, up to h inch in size, was 
observed in samples 5 and 6 when they were left overnightp 
These crystals, believed to be those of sodium chloride, 
dissolved very quickly when the respective samples were 
diluted with a very small volmne of water. 

Sample 1-3 exhibited pale yellow green colour 
although sample 3 appeared to be tinged with a slight 
discoloration. Samples 4-9 were found to have a reddish , 
brown colour which became more darker as the experiment 
progressed. 

Treatment of Wastes Without Electrolysis 

The reaction took place very rapidly when the waste 
sample was added to the electrolyte. The characteristic 
brown colour of the wastes underwent quick changes from reddish 
brown to orange and then finally into a yellow colour. In 
samples consisting of mixtures up to 100 percent wastes, most 
of the solids were converted into white curd-like precipitate 
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hy the chemical reaction^ somewhat similar to the changes 
noticed in the "souring" of milk. Most of the precipitated 
material settled out eventually leaving behind a fairly clear 
supernatant with pale yellow colour, characteristic of sodium 
hypochlorite (Javes^ solution. With mixtures containing over 
100 percent wastes, the reaction was very much slower and 
soine aggloineration of solids was noted. Although soirae settling 
was evident, the liquid mixtures remained very turbid. The 
colour of the liquid was a reddish brown that became darker 
in samples with higher percentage of waste. 

Another interesting observation made in this series 
of tests, was the immediate disappearance of strong putrid 
odours in the wastes when added to the electrolyte solution, 

DISCUSSION OF RESULTS 

Analysis of the Electrolyte Solution 

Chemical data obtained from the laboratory analyses 
of the electrolyte supplied with the toilet unit are given 
in Table 1. Because of some difficulties experienced in some 
of the tests, a portion of the analyses were carried out on 
a sample of electrolyte diluted with distilled water in the 
ratio of 1:9. They indicate the presence of unusually high 
concentrations of sodium chloride with a very high alkalinity. 
The total solids content was determined to be in excess of 
180,000 ppm and its specific conductance was almost equivalent 
to that of a saturated sodium chloride solution measured at 
18C>C, (7) Dilution with tap water in the ratio of li9 appeared 
to have only a very slight effect on its pH, 
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Table 1 
CHEMICAL ANALYSES OP Tfffi ELECTROLYTE 



undiluted sample 

Chlorine residual 

pH 

Specif ic condUGtance 

Total solids 



- 3% (approx) 

- 11.9 - 12.1 

- 0,2130 mhos per era 

- over 180,000 ppm 



250e 



diluted with distilled water (Is 9) 

Alkalinity, total - 3440 ppm 
, phenolphthalain ■- 3088 ppm 

Chlorides, as CI" - 10,100 ppm 

Hardness, as CaCo^ - 4 ppm 

Iron - 0,2 ppm 

pH - 12.1 

Sodium, as Na - 2,900 ppm 



Electrolyt ic Treatment 



A review of the analytical data presented in Table 2 
indicates the best results that can be expected from the 
electrolytic treatment of wastes in this particular unit 
operated under these conditions. The BOD values were reduced 
by approximately 89 percent; from 8,000 ppm to 710 ppm as 
noted in samples 2, 4, 6 and 7. A significant reduction in 
GOD values were also noted. These were decreased by nearly 
80 percent! from 18,800 ppm to a level of approximately 
3,000 and 4,000 ppm. However, it is noted that, with further 



Sampli 
NO'. 



BOD 



TABLE 2 

C^iMJCM. AHJX.YSSS Of EFFJLPEMT SABLES COIJ.E<CTBP FROM EEJCT'ROLCTIC TO',ILET 



Chlorides CondTactance 

as CI" ■mhos/cm @ 25°C 



COD 



Ciirreiit 
Readings 



B'ltroqen as^ 



BHi 



Kjeldahl MO3 



pH 



Total Solids 



,1 

i- 

1, 
i 

ii 
9 



720 
1020* 

708 

708* 
740 
984 - 1108* 
1480 - 1580* 



85,, 30^0* 
83,500* 
78 , 800* 
74,200* 
70, 200* 
69,100* 
67^600* 
64,, 30-0* 



0.1699 

0,2005 

0,1792 
0..2016 
0.1820' 
0.1820 

0.1796 
0,1699 



3560 50 to. 24 

4040 26 to 10 1.31 38 

3170 _ 450'0* 45 to 15 

3850 22 to 10 13.1 94 

2980 22 to 10 - - 

3590 - 3890* 35 to 18 

-m: 30 to 10 

4052* 23 to 10 - 

4860* 22 to 10 26 .2 110 



1,0 11.90 172,40'0 - 174,700 

4.0 11.85 168,000' - 175,000 

11,75 165,00'0 - 178,000 

5.0 11.65 142,0'0i0 - 156,500 

136,800 - 145,900' 

11,80 131,900 - 145,300 

11.80 

11.85 145,900 

4.0 11.60 146,000 



II 



Notes I (l) For details on the collection of samples, m^m "E%p#r,tin.ental Details". 

(2) Results marked with * were obtained from the analyses of samples which had been diluted ■with distilled water,, 

(3) Ciirrent readings show the range of readings of current in amperes observed during the treatment period,. 
14) Analyses pertaining to BOD, Qilorlde,a, COD, Kitrogen and Total Solids are reported in parts .per million. 
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addition of wastes and continued treatment, the chemical quality 
of the effluent began to deteriorate. This can be seen in 
the analyses of samples 8 and 9 and they indicate a significant 
increase in BOD and COD values. 

The reductions in the chloride content in the samples 
of effluent were caused by the combined effects of electrochemical 
action and the dilution of electrolytic solution by freah 
sewage which were added systematically during the tests. 
Sample 8 was collected when the electrolyte had been diluted 
with sewage consisting of approximately 30 percent by volume, 
the chlorides were found to be in excess of 64,000 ppm as Cl~. 
A sample of electrolyte diluted with distilled water in the 
ratio of 1:9, showed an analysis of 10,100 ppm of Cl~. (Table 1) 
From these data, it can be seen that the electrolyte will 
continue to be a source of high chlorides present in the toilet 
effluent even at very high dilution. 

Samples of effluent were found to have unusually 
high total dissolved solids content in the range of 132,000 
to 178,000 ppm consisting of mainly inorganic salts. When 
subjected to ignition temperatures at 600°C, the solids 
residue from these samples showed weight losses in the range 
of 1,3 and 3.7 percent. 

It is interesting to note the findings of various 
studies involving the decomposition of organic matter in 
sewage by electrolytic methods. Miller and Knipe stated that 
there was no evidence of organic matter being broken down by 
electrolysis (1) while Tischer and others found that a large 
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portion of organic (Kjeldahl) nitrogen in human wastes was 
converted IntO' nitrates and nitrogen gas under prolonged 
electrolytic treatmant. In this investigation, chemical 
analyses indicated definite increaBeB in the content of free 
annonia and organic nitrogen in each Buccossive sample 
analyzed but there were no apparent significant changes in 
the concentrations o.f nitrates and nitrites. It should be 
noted that some dif f icultiai were experienced in the nitrate 
analyses due to the prBSence of unusually high chlorideH in 
the sajtipieB ,, 

Conductivity 

Specific conductance indicates the meaaure of 
•conductivity of a liiquid or its ability to carry an electrical 
current. Conductivity ia related to the amount of total 
ionizable solids present In the liquid and the temperature 
at which the determinations are made. (6) All of the data 
presented in this report have been corrected to give equivalent 
values of specific conductance at :25°C (Tables 2 and S) . 

High values of conductivity in the samples were 
attributable to the presence of unusually high chlorides and 
other inorganic salts In the electrolyte. The steadily 
decreasing values of spec if le conductance observed in success lv« 
eamples were believed to be caused primarily by dilution of 
the electrolyte when fresh batchea. of sewage were added. Thla 
was also noted in the analytical data obtained in a aeries 
of tests which involved mixing of electrolyte and aewage 
without electrolyBia (Table S) , 
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The comparative data obtained for saniplea 8 and 9 
indicated that electrolytic treatment for an additional 30 
minutea helped tO' reduce the values of specific conductance 
in the latter aaiiple. 

Heavy MetalB_ 

Table 3 shows the concentratlona. O'f heavy petals 
found in aenia of the effluent saiiples that were selected for 
analysis. It was noted that Increasing amounte of copper, 
iron and lead wer« analyzed in aach successive sample collected ,, 
with the greateBt concentrations being recorded in sample 9. 
The latter represented the sample of effluent subjiected to 
the longest pexiod of electrolysia,.. There is no doubt that 
the presence of these iii,etallic ions resulted from the 
dissolution of metal constituents in the anode during 
electrolysis , 

Table 3 



4.Q 

m 
••■■■ 

» 



Sample 




Copper 




Iron 


electrolyte 




0,0 




0,2 


2 

3 
* 

« 
f 

i 




10 

IS 
54 




0.9 
6.8 

6.5 
9.4 

12.5 

14.8. 


All analyseB 


are 


reported in 


ppm 
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As pointed out earlier under " OBSERVATIONS ", eolour 
in the effluent became progressively darker with aach aample 
collected , A review of the chemical data in the above table 
shows an upward trend in the amounts of iron that were picked 
up and undoubtedly these would correspond to the colour 
changes observed in the samples . 

Bacterial Analyaea 

The results of bacterial analyses on four samples 
of the treated effluent are presented in Table 4, All of 
the samples indicated negative coliform count. However, 
according to the standard plate count determined at 30°^* 
samples 2 and 4 showed total bacteria counts of 700 to 6,500 
organisms per 100 ml. 



Table 4 
RESULTS OP BACTERIAL AISJULYSES 



Sample 


No. 




Coliforma 




m 
m 




Total Plate 
Count ® 30°C 

700* 
6,500 
n.d. 
n.d. 


Chlorine 


2 
4 

T 
t 




54.2 ppra 
6.7 

4 
n.d. 


Notes 1 
n. 


* 
.d. 


no. 
not 


of organisms 
determined 


per 


100 ml sample 
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It can be seen that the presence of relatively high 
anounta of realdual chlorine may have had a definite influence 

on the absence o^f collforira organisina in these Bainplea, 

'Treatment of Wastea WlthiQUt BlectrolYsiB 

The data pertaining toi the cheiiical analysea of the 

samplea nixed in different proportionB with the electrO'lyte 
are given in Table 5. 











Table 5 














RlSOliTS OF MIXIKQ ELECTmOLTCl AND 


SEWAGE 










IN 


VARIOUS PROPORTIONS 






% 








Specific 




Nltrogei 


n as 




was be 


BOD 


COD 


pH 


conductance 


NH^ 


Kjieldahl 


»2 


NO J 





_ 


_ 


12,0 


0.2130 


„ 


_ 


_ 


_ 


40 


1600 


5440 


12.1. 


0.1790 


_ 


,_ 


_ 


mm 


80 


4400 


9020 


12.0 


. 1440 


_ 


_ 


^, 


B 


100 


- 


- 


12.0 


0.1336 


0„2 


180 


0.00 


25 


200 


- 


_ 


12,0 


0.0988 


49,,, 2 


515 


0.02 


25 


400 


28G0 


7580 


12,1 


0.,0617 


- 


35 (?) 


0.00 


6 



Notei Cl| All analyses aKcept pH are reported in ppra, 

(2} Values O'f ,specific conductance are corrected, to 
25°C. 
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In addltiO'n toi changeB noted in the physical charaetor 
of the wastes, the results of the analyses showed that a 

conailderable reduction in BOD values was achieved by chemical 

oxidation even in the mixtures cons let ing oi 400 percent 
wastes. COD values are noit conaidered to be reliable since 

some difficulties were exp-erienced in the determination due 
to the presence of extremely high chloride content. It Is 
Interesting to note that the pH values remained practically 
unchanged In all »ixtures. Specific conductance valuea 
were influenced by the dilution of highly mineralized 
eleetrslyt© with waste possessing a low conductivity value, 

Q'WEC Objectives for Water Quality Control 

The following are maxirHum limits established for 
bacterial and chemical conatituenta containad In wastes being 
discharged from water craft into any receiving stream or 
waterGOursa in the Province of Ontario i 

Coliform MPS median value not to exceed 2400 per 100 ml 

5-day BOD - 4 ppra 

copper - 1.0 ppm as Cu 

iron - 17 ppm as Pe 

lead - 0.1 ppm 

pH - not less than pH 6,7 and not over pH 8.5 

Although the effluent produced by the electrolytic 
toilet under the test conditions was found to be satisfactory 
with respect to bacterial requlreinenta, however, some of Its 
chemical conBtituents exGeeded the maximuia limits specified 
in the above mentioned " OBJECT I VES ■'" . 
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CONGLUSIONS AND RECOMMENDATIOMS 

Laboratory testa demonstrated tliat sewage consisting 
of huittan excrement may be treated adequately in the above 
device to produce a reasonably good effluent free from any 
eoliform organisina and any objectionable physical qualities, 
but when analyzed cheraically, samples of treated effluent 
exhibit characteristics similar to those of a strong induBtrlal 
waste and do not raeet the requirements of the OWRC's "Objectives 
for water Quality Control in the Province of Ontario" . 
Analytical data have shown that the effluent became containinated 
with increasing amounts of heavy metals such as copper, lead 
and iron under conditions of prolonged electrolytic treatment. 
The presence of such metals in excess of the recommended 
limits in any waste discharge is undesirable as they tend to 
create adverse conditions and impair the water quality in 
receiving streams, 

for these reasons, the quality of effluent produced 
by this particular toilet unit should not be considered as 
being acceptable to permit direct discharge into any water 
without further treatment. 

Therefore, it is recommended that the certification 
of this toilet unit as an "approved device" for the treatment 
of human sewage on pleasure boats be withheld until such time 
the necessary changes can be made to improve the quality of 
the effluent produced. 
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